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In  the  final  report  of  the  Summer  Faculty  Research  Program  for  1982  a 
tentative  conclusion  was  advanced  that  the  loss  of  attention  was  progressive 
over  time-on-task  and  associated  with  at  least  five  substages  of  attention 
which  can  be  identified  by  sequences  of  oculomotor  events.  A  follow-on 
grant  was  awarded  for  the  purpose  of  transcribing  additional  data  using  the 
Sony  BVU  800  so  as  to  advance  our  knowledge  of  the  relationships  between 
oculomotor  sequences  and  levels  of  attention.  The  most  current  state  of 
knowledge  at  that  time  was  provided  by  the  Behavioral  Research  Laboratories 
of  Washington  University  (Stern  et  al  1980)  who  advanced  the  hypothesis  that 
attention  errors  were  associated  with  long  eye  lid  closing  durations  and 
long  durations  closures.  The  1982  Summer  Faculty  Research  report  offered 
the  tentative  conclusion  that  the  attention  errors  were  associated  not  merely 
with  long  closure  durations,  but  more  specifically  with  the  slow  eye  movements 
(SEM's)  and  precursors  of  SEM's  that  occur  during  the  long  lid  closures. 

Thus  a  growing  body  of  information  supports  the  hypothesis  that  a  complete 
failure  of  attention  i.e.  the  missed  signal,  can  be  predicted  by  oculomotor 
patterns.  But  if  as  has  been  suggested  a  continuum  of  attention  exist  from 
an  alert  state  to  a  failure  tq  detect  a  stimulus,  then  there  must  exist  some 
lowered  level  of  alertness  at  which  attention  is  intact  but  decision  errors 
occur.  The  purpose  of  the  follow-on  effort  being  reported  here  was  to  ex¬ 
plore  the  sequences  of  oculomotor  events  during  decision  errors  and  determine 
If  predictions  were  possible. 

The  task  consisted  of  a  variation  of  the  serial  probe  recognition  pro¬ 
cedure  and  the  data  came  from  control  observations  collected  during  a  drug 
evaluation  research  project  at  the  School  of  Aerospace  Medicine  during  the 
summer  of  1983.  The  task  consisted  of  three,  one  second  nonsense  syallables 


presented  at  one  second  interstimulus  Intervals.  These  auditory  stimuli 
were  followed  within  four  seconds  of  a  probe  stimulus  which  was  either  the 
same  as  one  of  the  three  preceding  stimuli  or  different  from  all  three. 

The  nine  subjects  were  Instructed  to  press  a  dead  man  key  upon  hearing  the 
first  stimulus  and  hold  it  down  until  hearing  the  probe  stimulus  where  upon 
they  were  to  release  the  dead  man  key  and  press  a "same"  or  “different" 
response  key.  Thus  it  was  possible  to  separate  attention  errors  from 
decision  errors  in  which  the  subject  attends  to  all  stimuli  but  fails  to 
correctly  identify  the  probe  as  a  same  or  different  stimulus.  For  analysis 
purposes  each  error  trial  was  matched  for  transcription  with  the  most 
temporarily  contiguous  correct  trial.  During  the  presentation  of  this  task 
this  subject's  eyes  were  video  taped  and  the  data  transcribed  on  a  16.7  ms 
basis.  Three  channels  of  simultaneous  videotape  and  electro-oculographic 
data  were  transcribed  on  each  subject:  stimulus/response  events,  vertical 
eyelid  and  eye  movement  events,  and  horizontal  eye  movement  events.  The 
same  coding  scheme  used  In  preliminary  report  was  used  here.  The  subjects 
were  Instructed  to  stay  up  late  the  night  before  the  early  morning  data 
collection  and  were  put  through  a  progressive  relaxation,  drowsiness  induc¬ 
tion  procedure  before  collecting  data.  Once  relaxed  the  subjects  were  run 
on  the  serial  probe  recognition  task  until  they  showed  evidence  of  drowsi¬ 
ness  such  as  SEM's  or  downward  shifts  In  the  gaze  angle  at  which  time 
approximately  30  minutes  of  continuous  data  were  collected.  Thus  the  subjects 
were  In  a  low  fatigue,  high  drowsy  condition. 

The  analysis  of  video  and  LOG  data  allowed  for  an  indent! fi cation  of 
five  events  in  the  sequence  of  eyelid  movements:  (1)  lid  up  (LU)  in  which 
the  lid  is  up  and  static  ,  (2)  lid  above  pupil  (LAP)  in  which  the  lid  is  in 
motion  above  the  pupil  (3)  lid  over  pupil  (LOP)  in  which  the  lid  is  in 


motion  over  the  pupil,  (4)  lid  below  pupil  (LBP)  in  which  the  lid  is  in 
motion  below  the  pupil,  and  (5)  lid  down  (LD)  in  which  the  lid  is  down  and 
closed.  In  addition  measurements  were  taken  of  the  gaze  angle  to  determine 
when  the  gaze  angle  was  perpendicular  as  is  normal  in  an  alert  subject  and 
when  It  was  below  perpendicular  as  occurs  as  a  function  of  time-on-task. 

The  significance  of  the  gaze  angle  shift  is  that  it  may  be  indicative  of  a 
lowered  state  of  alertness  which  is  not  measured  by  EOG  alone.  In  summary 
nine  drowsy  but  not  fatigued  subjects  were  measured  for  eyelid  sequence 
during  performance  on  an  auditory  SPR  task  in  which  attention  errors  were 
separated  from  decision  error.  An  Initial  data  analysis  Indicated  46  decision 
error  trials  and  each  was  transcribed  and  matched  to  the  46  most  emporarily 
adjacent  correct  trials  which  were  also  transcribed.  On  eight  occasions  the 
subjects  failed  to  detect  the  probe  stimulus  and  these  eight  trials  were 
coded  as  attention  errors  and  transcribed.  On  eight  occasions  the 
subjects  failed  to  detect  the  probe  stimulus  and  these  eight  trials  were 
coded  as  attention  errors  and  transcribed.  Thus  the  subjects  appeared  to  be 
sufficiently  drowsy  to  make  decision  errors  but  alert  enough  to  detect  stimuli. 

A  sequential  analysis  of  the  data  indicated  two  types  of  blink  episodes, 
each  subdivided  into  closing  and  reopening  sequences.  The  Type  I  closing 

sequence  consist  of  five  elements,  LU  - >LAP  - >L0P  — >LBP  — ;>LD 

(see  table  1)  and  is  associated  with  a  perpendicular  gaze  angle.  The  Type  II 
closing  sequence  which  occurs  late  in  time-on-task  consists  of  three  elements, 

LU  — >  LOP  — ■>  LD  (see  table  2)  and  is  associated  with  a  gaze  angle  below 
perpendicular.  In  the  Type  II  closing  sequence  the  gaze  angle  Is  so  low  that 
the  entire  lid  movement  is  restricted  to  the  field  of  the  pupil.  On  correct 
trials  the  duration  of  the  LOP  component  in  a  Type  I  closing  sequence  (Y«65.8  ms) 
is  shorter  than  the  Type  II  c-osing  sequence  LOP  component  (X*105.1  ms)  and  the 


difference  is  statistically  significant  (t*4.214,  sf  ( pooled )«170,  >.05). 

The  same  relationship  exist  for  LOP  duration  comparisons  on  decision  error 
trials  (X*117.9  versus  144.0):  but  the  difference  was  not  statistically 
significant.  The  relative  density  of  Type  I  blinks  is  greater  on  correct 
than  decision  error  trials: 

Type  I  Blink  Type  II  Blink 

Correct  trial  42%  46% 

Decision  Error  37%  48% 

Trial 

Thus  decision  error  trials  are  associated  with  lower  a  density  of  Type  I 
blinks  and  higher  density  of  Type  II  blinks,  and  the  duration  of  the  LOP 
component  of  the  closing  sequence  Is  longer  on  Type  II  blinks. 

The  duration  of  the  LOP  component  of  both  Type  I  and  Type  II  closing 
sequences  importantly  descrimlnates  between  correct  and  decision  error  trials. 
The  Type  I  sequence  LOP  mean  duration  on  a  correct  trial  Is  65.8  ms  versus 
117.9  ms  on  a  decision  error  trial  and  the  difference  Is  significant  (t«1.898, 
df  (pooled)-175,  >.05).  On  the  Type  II  closing  sequence  the  LOP  duration 
was  shorter  on  correct  (X>106.1  ms)  than  decision  error  trials  Of»144.0  ms) 
but  the  difference  was  not  significant.  LOP  durations  on  attention  error 
trials  were  longer  than  oh  correct  trials  for  both  Type  I  (X-186. 7  ms  versus 
65.8  ms)  and  Type  II  (X>127.1  ms  versus  105.1  ms)  sequences:  statistical 
Inferences  not  being  drawn  because  of  the  relatively  small  sample  size  of 
attention  errors.  Thus  LOP  durations  on  Type  I  closing  sequences  discriminate 
between  correct  and  decision  error  trials  at  alertness  levels  above  that 
seen  with  attention  errors.  Type  II  closing  sequences  had  a  slmular  pattern 
but  the  difference  was  not  statistically  significant. 

The  relationships  between  correct  and  error  trial  LOP  durations  on 
reopening  sequences  Is  opposite  that  on  closing  sequences.  The  reopening 


LOP  durations  are  longer  on  correct  (7=235.9  mg)  than  decision  error  trials 
(7*205.8)  but  the  difference  Is  not  significant  on  Type  I  sequences.  On 
Type  II  sequences  the  correct  trial  LOP  mean  duration  Mas  234.7  ms  versus 
190.4  ms  on  the  decision  error  trials  and  the  differences  was  significant 
(t»2.885,  df  (pooled) =265, «£.*. 05).  Thus  for  correct  trials  the  LOP  velocity 
is  faster  on  closing  and  slower  on  reopening  than  an  error  trials. 

The  Type  I  reopening  sequence  consists  of  five  elements: 


LOP- 


LAP- 


while  the  Type  II  reopening  sequence  consists  of  three  elements: 

LD - >  LOP - »  LU:  both  initiated  from  the  lid  down  position. 

Stern  et  al  (1980)  reported  the  lid  closure  duration  to  be  longer  on  atten¬ 
tion  error  trials  than  on  attention  correct  trials.  In  the  present  effort 
the  lid  down  duration  was  greater  on  decision  error  trials.  (Type  I  7=222.5) 
than  on  correct  trials  (Type  I  7=65.9)  and  the  difference  was  statistically 
significant  (t=1.627,  df  (poo1ed)*159,£*.05) .  The  Type  II  lid  down 
durations  were  not  statistically  significant.  Thus  the  present  finding 
extend  the  Stern  et  al  (1980)  findings  to  decision  errors. 

The  relative  density  of  eyelid  closures  differed  across  types  of  blinks 
and  trials.  The  following  table  shows  mean  values  of  inter  blinks  intervals 
across  types  of  blinks  and  trials: 

.  Type  I  Type  II 

Correct  924  ms  1251.9  ms 

Decision 

Decision  905.6  ms  1002.4  ms 

Error 


On  correct  trials  the  density  of  Type  I  sequences  is  significantly  greater 


than  Type  II  sequences  t*2.085,  df  (poo1ed)*179,  >.05).  Other  comparisons 
were  not  significant.  Thus  Type  I  sequences  are  more  prevalent  on  correct 
than  decision  trials. 

The  fundamental  hypothesis  advanced  in  this  report  is  that  the  Type  I 
sequence  represents  as  higher  state  of  alertness  than  the  Type  II  sequence. 

The  data  in  support  of  this  position  are  (1)  that  the  Type  II  sequence 
Increases  with  time-on-task  and  (2)  that  correct  decisions  are  associated 
with  higher  densities  of  Type  I  blinks.  The  essential  difference  between 
the  types  of  blinks  is  that  Type  I  Includes  LAP  and  LBP  lid  motion  components 
while  Type  II  does  not.  However,  the  LBP  and  LAP  components  do  not  discrimi¬ 
nate  between  correct  and  decision  error  trials,  and  only  the  LOP  motion 
component  has  any  predictive  significance. 

It  may  be  possible  to  view  alertness,  and  the  Implied  capacity  to  process 
Information,  as  existing  on  a  continuum.  Although  these  altered  states  of 
alertness  exhibit  subtle  variations,  we  now  have  at  least  three  points 
documented  that  correlate  eye  movements  to  altered  states.  The  Shimanono 
et  al  (1965)  report  describes  the  highest  state  yet  described.  This  work 
may  be  interpreted  to  Indicate  that  the  highest  known  state,  a  near  manic 
condition,  the  density  of.- 'secades  Is  significantly  greater  than  slow  eye 
movements  and  that  in  normals  secades  are  fewer  and  slow  eye  movements  more 
frequent.  At  the  other  end  of  the  alertness  continuum  Stern  et  al  (1980) 
have  shown  that  the  missed  signal  Is  a  failure  of  attention  that  can  he 
predicted  by  long  duration  lid  closures  and  slow  closing  velocities.  The 
present  report  describes  an  attention  level  in  between  these  two,  a  level 
at  which  subjects  are  attending  but  making  decision  errors  which  can  be 
predicted  by  LOP  velocities.  Presumably  numerous  other  levels  of  alertness 
exist  which  may  be  predicted  by  other  oculomotor  properties. 


CLOSINGJEgUENCE_TYPE_I 


pupil  component  occurred  on  324  occasions  and  on  91  of  those  was  preceded  by 
isltlon  at  a  mean  duration  of  924.0  ms  and  a  standard  dlvlatlon  of  788.8  ms. 
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